Effects of a nitrification inhibitor on decentralized biological wastewater treatment by Preisser, Matthew et al.
SUMMARY
Decentralized biological wastewater treatment has the potential to help
communities conserve water and energy resources by tailoring effluent water
quality for reuse closer to the point of generation. Because distributed wastewater
treatment plants generally have a lower buffering capacity, pollutants pose a
greater threat to the microbial community, which can greatly affect the quality of
effluent water. Nitrification and denitrification are essential processes of biological
wastewater treatment for the conversion of nitrogen from ammonium to
atmospheric N2. This project examines and quantifies the effects of a known
nitrification inhibition compound to be better able to develop an early fault
detection program that utilizes multivariate statistical analysis to allow a treatment
plant to operate at optimal conditions.
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RESEARCH HYPOTHESES
• H1: Introduction of agricultural herbicide to biological wastewater treatment
facility will prevent efficient conversion of aqueous nitrogen into atmospheric N2
• H2: Degree of sensitivity of biological system is dependent on the concentration
and duration of a perturbation
• H3: Biological system failure can be detected by the change in online
measurements of NO3- and NH4+ concentrations during normal and perturbation
conditions
• Mines Park, Golden Colorado
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• Three different experiments were conducted using the same jar testing protocol.
Sodium azide (NaAz) was used due to its properties and use for agricultural pest
control bacteriostatic), and as the nitrification inhibition compound.
• The first experiment used a “pulse” disturbance, representing a singular pollution
event, and was used to determine a threshold concentration of NaAz that causes
observable inhibition.
• The second experiment examined a “press” disturbance to understand the effects
of a continual waste stream.
• The final experiment replicated the first with the implementation of a fault-
detection program and wireless sensor network
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• Applying an inhibition compound to the pilot scale sequencing batch membrane
bioreactor (SB-MBR) located at Mines Park
• Examining the effects of a commercial grade herbicide/fertilizer as a nitrification
inhibitor to understand the effects of a more. Complex matrix versus a pure
substance
• Further development and implementation of the fault detection program and sensor
network
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Figure 4. Ammonium concentration (mg/L-N) in effluent water as a function of time for 
different bioreactors for a pulse disturbance when dosed with NaAz on 6/15/2017.
Figure 2 and 3. Bioreactor A (left) shows turbidity at 0 mg/L NaAz dosage while 
Bioreactor F (right) shows increased turbidity at 1000 mg/L NaAz.
Experiment 2: Press Disturbance 
• During the press disturbance, bioreactors were dosed for 72 hours with NaAz
starting on 7/1/2017.
• Total suspended solids (TSS) decreases during the dosing period, showing a
decrease in biomass and equivocally microbial activity (Figure 6).
• The decline in microbial activity is suspected to correspond with a decrease in
nitrification
Experiment 3: Sensor Network 
•Experiment 1 examined the effects of a pulse disturbance of NaAz that was
dosed on 6/15/2017:
• Qualitative change in floc properties (i.e., size, settleability) with increasing
NaAz dosage (Figures 2 & 3)
• Bioreactors dosed with 100 mg/L 1000 mg/L NaAz were not able to remove
ammonium (Figure 4)
• Bioreactors dosed below 100 mg/L NaAz accumulated nitrate (Figure 5)
Figure 1. Bench scale jar test setup, where each jar is dosed 
with varying concentrations of NaAz.
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Experiment 1: Pulse Disturbance
Figure 5. Nitrate concentration (mg/L-N) in effluent water as a function of time for different 
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Figure 6. Total suspended solids (mg/L) as a function of time for the different bioreactors for a 
press disturance when dosed with NaAz on 7/1/2017. 
DISCUSSION
• Nitrate and ammonium probes (Vernier) were placed in a bioreactor during a
pulse disturbance of NaAz at 75 ppm, and tracked these compounds continually
• Biofilm buildup on sensors proved to be a problem in bench scale jar testing due
to lower mixing speeds
• Qualitative data on the change in nitrate/ammonium concentrations collected
• Calibration of the probes in smaller bioreactors proved to be more sensitive to
disturbances than previously expected
• NaAz completely inhibits nitrification at concentrations above 100 mg/L
• NaAz and other related agricultural products have the potential to seriously
harm the microbial ecology of biological wastewater treatment systems
• A sensor network can be used to detect perturbation events before the reactor’s
microbial community is permanently changed
• COD, pH, alkalinity, and conductivity are not as beneficial to detect perturbation
events because of their ability to recover to steady state values, compared to
nitrate and ammonium levels, which are permanently changed
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